It has been known for a very long time 1 that the MAXWELL equations for the free electromagnetic field are invariant not only under the inhomogeneous LORENTZ transformations, but in addition also under the dilatations and special conformal transformations (conformal group). This is a general property of every field equation for particles with arbitrary spin and mass zero 2 . Another property which in the conventional theory also depends on the mass being zero is the gauge invariance of the equations for the electromagnetic potentials 3 . So the question arises whether gauge invariance can be explained by conformal invariance.
where Fro = \7v -0 Av . Eq. (1') differs from (1) by
Ve (>'• V^ Av).
For C ^r -4 condition (2) follows from (1'), and both systems are equivalent. For C = -4 Eq. (1') is more general than (1) and (2) : Eq. (1') is invariant under an arbitrary gauge transformation, and we are also free to choose a non-covariant gauge condition.
The real function / has to obey the two equations 
/(2) = ci(w) + h. c., (p p) = 0 .
With the help of the transformation generated by (7) we can always choose a gauge in which the component A5 is zero, and we are left with a LORENTZ covariant vector meson. The generalized gauge transformation (4) does not necessarily depend on the condition mass m = 0. The transformations generated by (8) will be of physical importance for the electromagnetic field in the conformal space. It is quite a surprising result however that they exist also for vector mesons. We now make the step from the 5-dimensional space to the 4-dimensional conformal space by taking the limit 4 y 5 0. First we look for formal plane wave solutions of the field Eqs. The gauge functions are superposition of the functions /(l) = (2/ 5 ) 4 e 1 (Pf)+h.c.,
/(2W(py)+h.c.,
(pp)=0.
The gauge transformation (9) is a special case of (7), and (10) and (8) (10) is the conventional gauge transformation for the electromagnetic field (satisfying the LORENTZ condition). We may summarize our results as follows. The unitary representations of the group SO (4,2) which belong the tensors of rank 1, describe a vector meson and a scalar field with arbitrary mass ro 4 r 0. A certain class of these representations admit gauge transformations, and therefore describe (in the free field case) only vector mesons. Moreover only this class contains also unitary representations which belong to mass m = 0, i. e. the electromagnetic field. The origin of the gauge transformations of the vector potentials has therefore to be explained by the special structure of this class of irreducible unitary representations. Primarily gauge transformations do not depend on the condition of vanishing mass. 
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